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Abstract
Introduction: The undescended testicle (UDT) presents a problem
in post-pubertal (PP) men, as it carries an increased risk of developing a germ cell tumour (GCT). Management of the PP patient
with an UDT must weigh the relative risk (RR) of perioperative
mortality (POM) from orchiectomy against the lifetime risk of death
from a GCT.
Methods: The most recent data on GCT mortality were obtained
from the National Centre for Health Statistics. Standard life tables
were used to calculate the cumulative risk over a man’s lifetime
based on age. The increased RR of GCT in men with UDT was
determined by weighing the observed and expected rates from literature review. Life table data was then multiplied by the RR to define
the risk of GCT in men with UDT. Data from patients undergoing
similar risk surgical procedures, stratified by American Society of
Anesthesiologists (ASA) class, was used to determine POM.
Results: Lifetime risk of dying from GCT decreases with increasing
age. POM exceeded risks of death from GCT for men after age
50.2 for ASA class 1 and age 35.4 for ASA class 2. Men with an
ASA class higher than 2 have a higher risk of POM compared to
GCT for all ages.
Conclusions: We found different ages from previous reports at
which observation is advised. We consider prophylactic orchiectomy only in men who are under 50.2 years if ASA class 1 and
under 35.4 years if ASA class 2. Men with an ASA class 3 or higher
should always undergo observation.

Introduction
While the potential for future fertility is typically a concern
with undescended testicles (UDT) in infants and children,
the UDT found in post-pubertal (PP) men will likely have
limited fertility potential.1 The UDT presents a problem in PP
men, as it has an ongoing and increased risk of developing
a testicular germ cell tumour (GCT).2-4

Management of the PP patient first presenting with an UDT
must weigh the relative risk (RR) of the lifetime development
and mortality from a GCT compared to the perioperative
mortality (POM) risk of definitive treatment with orchiectomy.
These comparative risks must incorporate a variety of data,
including GCT treatment efficacy, patient age, anesthesia risk,
overall patient health/comorbidities, disease prevalence, and
the known increased risk of GCT in a UDT.
This clinical question was first analyzed by Martin and
Menck in 1975.5 Using data from that time, they advised
prophylactic orchiectomy in men only younger than the age
of 50, as they determined that the risk of GCT death outweighed POM up to this age. For men older than 50, they
recommended observation, as POM began to outweigh the
risk of GCT death.
While Martin and Menck used data from the 1940s–1960s
to demonstrate mortality risk from GCT and calculate anesthesia risk, Farrer et al undertook an update of their study
in 1985, which incorporated the dramatic improvements in
survival from GCT around that time.6 Farrer et al identified
a different prevalence for UDT in the general population,
which ultimately changed the RR for developing GCT in men
with UDT.6 The authors discovered the age at which the risk
of death from prophylactic orchiectomy outweighs the risk
of death from GCT is 32 years; thus, patients over 32 years
old were not recommended to have surgery in their analysis.
The most recent analysis of this management dilemma is
now over 15 years old. In their paper, Oh et al found that
men who are healthy (American Society of Anesthesiologists
[ASA] physical status class 1 or 2) should be advised to
undergo orchiectomy, while those older than 50 should be
advised to remain under observation.7 While these investigators thoroughly updated data on age-adjusted GCT risk and
accounted for the notably improved POM risk since the last
analysis, they used data on anesthesia POM risk dating from
1990, which was independent of surgical procedure risk.
As more contemporary studies on GCT mortality rates,
POM risk, and presence of GCT in UDT may change this
recommendation, we looked to update these previous stud-
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ies. The aim of our study was to provide a literature and
statistically based guide that patients and practitioners could
use to help guide decision-making in men presenting with
a PP UDT.

Methods
To determine a clinical recommendation based on the age at
presentation of a man with UDT, we compared the lifetime
risk of GCT-associated mortality based on age at presentation with the ASA class-specific POM risk of orchiectomy.
We compared respective risks to determine the age at which
POM was lower than the GCT-associated mortality. Below
this determined age, orchiectomy would be preferred, as the
lifetime risk of GCT would be relatively higher, while above
this age, observation would be preferred.

Determining GCT mortality risk
The most recent data on GCT mortality in the U.S. were
obtained from the National Centre for Health Statistics.8 The
lifetime risk of death from GCT in the male population was
calculated for each five-year interval. Standard life tables were
used to calculate the cumulative risk over a man’s lifetime
based on the age at presentation with an UDT. The formulas
for these standard life tables can be seen in the Appendix.
The prevalence of non-pediatric UDT (over 18 years of
age) was determined through a literature search. Papers
defining UDT rates for men less than 18 years of age were

not included. While rates of childhood and pediatric UDT
are more common in the literature, this population was not
our focus and reliable GCT mortality data is not available
for this population. The defined prevalence of UDT in a
reported 18–37-year-old population served as the “expected” prevalence for future calculations. Alternatively stated,
the “expected” prevalence is the likely prevalence if there
were no relationship between UDT and GCT.
The increased risk of GCT in UDT is universally accepted in the urology community. However, the actual factor
by which a UDT is at increased risk can be debated. We
defined the “observed” prevalence through literature review
of a series of men identified as having GCT and the relative percentage of these men with UDT. Farrer et al6 performed a similar literature review for their publication and
these studies were included in our contemporary update.
More recent studies were identified using a keyword-based
PubMed search. Keyword terms for the search were: “cryptorchidism, undescended testicle, germinoma, testis cancer.”
Search terms were meant to be overly inclusive to capture
any possibly relevant study. Abstracts and full manuscripts
were reviewed to determine if they should be included.
Data was extracted from appropriate series and the studies
were then weighted by number of patients in the overall
cohort to calculate a weighted percentage of men with risk
of developing GCT when they have UDT. These data and
observed prevalence can be seen in Table 1.
Similar to the methods that Farrer et al originally used to
calculate the RR of GCT for a patient with UDT, we divided

Table 1. Observed prevalence of GCT in men with UDT
Authors
Batata et al21
Debre et al22
U.K. Testicular Cancer
Study Group23
Gehring et al24
Herrinton et al25
Kamat et al26
Kuber et al27
Lanteri et al28
Miller et al29
Møller et al30
Prener et al31
Pugh et al32
Raina et al33
Swerdlow et al34
Swerdlow et al35
Welvaart et al36
Wobbes et al37
Total

Total cohort with
germ cell tumour
1000
80
794

Number with
UDT
125
14
65

Weight

Fraction

Percentage

0.1
0.01
0.08

0.13
0.18
0.08

12.5
17.5
8.19

529
183
380
990
300
314
830
183
2448
164
194
259
717
230
9595

37
12
45
71
13
25
7
16
123
24
7
27
51
12
674

0.06
0.02
0.04
0.1
0.03
0.03
0.09
0.02
0.26
0.02
0.02
0.03
0.07
0.02
1.00

0.07
0.07
0.12
0.07
0.04
0.08
0.01
0.09
0.05
0.15
0.04
0.1
0.07
0.05
n/a

6.99
6.56
11.84
7.17
4.33
7.96
0.84
8.74
5.02
14.63
3.61
10.42
7.11
5.22
8.16

GCT: germ cell tumour; UDT: undescended testicle.
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Weighted
percentage
1.3
0.15
0.68
0.39
0.13
0.47
0.74
0.14
0.26
0.07
0.17
1.28
0.25
0.07
0.28
0.53
0.13
7.02
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the “observed” prevalence of GCT in UDT by the “expected”
prevalence of UDT in the general male population.6 The
age-adjusted data on GCT in a man without UDT was then
multiplied by this factor to obtain the RR of a male with
UDT dying of germ cell malignancy.

Determining the risks associated with orchiectomy
The POM for orchiectomy was defined through a determination of the inherent surgical risk associated with orchiectomy.
As this is a straightforward urological procedure that is relatively unstudied with regards to complications, there is no specific
POM quoted in the literature. The procedure-associated risk
must, therefore, be extrapolated from comparative procedures
and the POM of other procedures with a similar inherent risk.
We used the Cleveland Clinic cardiac risk stratification
for non-cardiac surgery to determine the specific risk category for orchiectomy.9 This risk stratification used multivariate regression analysis to determine procedure-related
mortality with procedures defined as low-, intermediate-,
or high-risk. Low-risk procedures include endoscopic procedures and procedures on superficial (non-intraperitoneal)
structures.9 Based on these criteria, we defined orchiectomy
as a “low-risk” procedure.
While procedures may be defined by their risk category,
practitioners clearly realize that even low-risk procedures
in patients with significant comorbidities are at a higher risk
of POM. We, therefore, scoured the literature for surgical
mortality predictors based on the ASA class. Glance et al
created the Surgical Mortality Probability Model to guide
clinical management for clinicians.10 This index defines the
30-day mortality risk index for non-cardiac surgery empirically derived from a retrospective cohort study of over 298
000 patients undergoing non-cardiac operations. The mortality risk index is based on ASA physical status, emergency

status, and surgery risk class. This mortality risk was used to
define the ASA class-specific POM risk in our paper.

Results
The literature review of studies looking at men with GCT to
determine the “observed” prevalence can be seen in Table 1.
The weighted observed prevalence was found to be 7.02%.
While a variety of prevalence for UDT is quoted in the
childhood/pediatric population, few studies have defined
the prevalence of never-before-diagnosed UDT in men
18 years of age or older. The best study on this found an
“expected” prevalence of 0.79% among 10 000 men reporting for military duty.11
The RR of GCT in men with UDT relative to those without
UDT was estimated by dividing the probability of UDT in
those with GCT (7.02%) by the probability of UDT in the
general population (0.79%). This RR was found to be 8.89.
The most recent age-specific GCT was obtained from
National Centre for Health Statistics.8 Standard life tables
were then calculated using the conventional formula, as
used by Oh et al.7 The lifetime risk of death from GCT in a
patient with UDT in five-year intervals was calculated by
multiplying the computed risk value from standard life tables
by 8.89 to determine the age-specific mortality of GCT from
UDT (Table 2). This was then charted into Fig. 1.
This lifetime risk was then formatted to a curve and the
intercepts for 0.03% (mortality risk for ASA 1) and 0.08%
(mortality risk for ASA 2) were determined. These intercepts
were age 50.2 years for ASA 1 and 35.4 years for ASA 2.
Men with an ASA class 3 or greater have a higher risk of
POM compared to GCT for all ages; therefore, they should
never undergo orchiectomy, as the mortality percentages
for ASA 3 and 4 men are 0.49% and 3.31%, respectively.10

Discussion

Fig. 1. Lifetime risk of mortality from germ cell tumour (GCT) by age at presentation.
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This paper updated the calculations on an important clinical
question: how do we balance
the GCT risks of previously
untreated UDT in an adult with
the POM of surgical treatment?
As mentioned above, orchiectomy is a definitive solution
for men with UDT and, considering the minimal fertility
contributions of these UDTs,
this is a reasonable option. We
redefined the relevant ages at
which the risks of POM and
lifetime death from GCT intersect and now recommend that
E3
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Table 2. Lifetime risk of GCT mortality in patients
Age
15–19
20–24
25–29
30–34
35–39
40–44
45–49
50–54
55–59

Mortality rate

% lifetime risk

0.0649
0.4004
0.5017
0.3978
0.4930
0.3131
0.2988
0.3430
0.1819

0.0150
0.0146
0.0126
0.0101
0.0081
0.0057
0.0041
0.0026
0.0009

% lifetime risk
with UDT*
0.1331
0.1302
0.1124
0.0901
0.0724
0.0505
0.0366
0.0233
0.0081

*Lifetime risk x 8.89. GCT: germ cell tumour; UDT: undescended testicle.

men under the age of 50.2 for healthy men (ASA class 1)
and under the age of 35.4 for men with mild systemic disease (ASA class 2) consider prophylactic orchiectomy. Based
on our calculations, men who are ASA class 3 or above
should always undergo observation of a PP UDT due to their
increased surgical risk.
Oh et al performed the most recent investigation in the
management of the post-pubertal UDT 15 years ago. Their
analysis found that the risk of GCT-associated death was
greater than the risk of orchiectomy until the age of 50 years.7
While the approach used by Oh et al to calculate the lifetime
risk from GCT is the same as the standard life table used in
this study, the data used in their analysis is not applicable to
patients today, as it dates from 1997 and does not incorporate advancements in care for men with GCT. Therefore, we
obtained more contemporary data from the National Centre
for Health Statistics to update Oh et al’s analysis.8
The calculations used by Oh et al to calculate the RR of
GCT in men with UDT are accurate and thoughtful, but are
not without assumptions that would be necessary for any
paper taking this format. However, we attempted to use more
data from the literature and less assumed entries. Since the
RR is calculated by dividing the observed prevalence by the
expected prevalence, we updated both aspects of this equation. To determine the observed prevalence, we performed a
literature search and calculated a weighted value based on
the number of patients in each study. This directly contrasts
the methods of Oh et al, who used an unweighted average
that would overvalue smaller studies and could be prone to
sampling errors. We also obtained the actual prevalence of
UDT in our ideal cohort of adults (age 18–37 years) from a
large, widely accepted study, as opposed to using an estimation based on adolescent data. We redefined our RR as 8.89,
which differs from the 9.7 used by Oh et al.
The authors of the previous analysis indirectly calculated
the surgical risk for orchiectomy. Their analysis focused primarily on a study written in 1990 examining the effects of
four different anesthetics on surgical mortality without regard
to the inherent risk or type of procedure being performed
E4

and was not designed as a surgical risk predictor.12 From the
results of this study, Oh et al extrapolated mortality rates for
orchiectomy based solely on ASA risk status, without the
ability to incorporate the low-risk categorization of orchiectomy due to the limitations in the literature at the time. Due
to the interim work published by Glance et al, we were able
to draw more specific POM numbers that are both surgical
risk- and ASA-specific.
The analysis of Glance et al in 2012 was a retrospective
cohort study of 298 772 individuals undergoing non-cardiac
surgery from the American College of Surgeons National
Surgical Quality Improvement Program (NSQIP) database.
The goal of this 30-day surgical mortality probability model
was to simplify shared decision-making for surgeons and
patients at the point of care and was intended to be a true
“risk calculator.” Glance et al included both ASA class and
inherent surgical risk by category in their calculations.10 As
Medicare has established 30 days as the cutoff for unplanned
deaths after hospital care,13 we believe a 30-day mortality
index is a better measure of perioperative mortality than the
seven-day timeframe that Oh et al were forced to use based
on the available data at the time.
UDT has a classically quoted prevalence of 2–4% at birth
and 1% by 6–12 months,14 with spontaneous descent of the
testis after one year of age considered infrequent.15 However,
up to 40% of testes that descend in the first year may be
found to later reascend into an abnormal position.14 With
epidemiological studies finding that 2–3% of boys undergo
orchiopexy,14 there is certainly some question about the classically quoted prevalence of 1% of one-year-old boys having
a UDT. While the actual prevalence of UDT in studies examining children and adults vary based on the selected study
population and age,16 the largest American study examined
10 000 military recruits from 18–37 years old and found
the prevalence to be 0.79%.11 In a large study looking a
younger population than our desired adult population,
Johnson17 found a prevalence of UDT of 1.7% in 31 609
boys aged 7–17 years. While the studies by Baumrucker11
and Johnson17 are certainly dated, as they examined cohorts
form the 1930s and 1940s, the most recent study reporting a rate of UDT in an American cohort was from 1993.18
Unfortunately, data is from boys aged one year and found
1.1% of the cohort having a UDT. While higher UDT rates
were available and reported in the literature, we took 0.79%
to be the most conservative (lowest) prevalence of a previously unrecognized UDT in a purely adult population.
While we believe our recommendations for prophylactic orchiectomy before ages 50.2 and 35.4, depending on
patients’ respective ASA class (1 or 2) are appropriately
updated and revised for adults with UDT, these ages should
serve as advisements for both clinicians and patients. In
2001, the Institute of Medicine published their landmark
report, “Crossing the Quality Chasm,” in which they intro-
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duced the concept of shared decision-making between
patients and their physicians.19 They recommended that
when patients and clinicians are faced with complex
medical decisions, there are a multitude of factors at play,
including patient values, preferences, clinician opinion,
and evidence-based guidelines regarding their condition.20
For these reasons, our above recommendations should serve
as an evidence-based advisement that should be considered
as part of the discussion when an adult male presents with
a previously unrecognized UDT.
Certainly, a study using a variety of assumptions to answer
a clinical question is not without limitations. The most glaring herein is the variety of assumptions needed to estimate
the POM associated with orchiectomy. While this would be
simplified by a well-defined cohort undergoing a prospective analysis of complications related to PP orchiectomy, this
is not present in the current literature. While the absolute
respective mortalities were the aim and ultimate outcome of
this paper, morbidity associated both with observation and
a subsequent diagnosis of GCT should be considered. The
potential anxiety for men in an observation cohort could
certainly affect quality of life, along with an ongoing cost of
observation instead of a definitive single treatment. In men
later identified to have GCT, the morbidity of chemotherapy
and radiation was not able to be incorporated into a study
of this design, but could potentially affect quality of life.

Conclusion
Previous evaluations in the management of men with postpubertal UDT required updating. We found different ages
at which observation is advised compared to the previous
report. Thus, we advocate for prophylactic orchiectomy in
men who are under 50 years if ASA class 1 and under 35
years if ASA class 2. Men with an ASA class 3 or higher
should always undergo observation.
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Appendix. Standard life table calculation*
1.
M.x, the germ cell tumour mortality rate for men between
a
the ages x to x + a
2.
Qx the germ cell tumour mortality probability during the
a
interval x to x + a in those alive at age x
3.
P , the germ cell tumour survival probability during the
a x
interval x to x + a in those alive at age x
4. Sx, the overall probability of not dying from germ cell tumour
during lifetime in those alive at age x
5. LRx, the lifetime risk of dying from germ cell tumour
(probability of GCT mortality during lifetime) of those alive
at age x
Thus,
Q = a * aM.x / (1+ 0.5 * a * aM.x)
a x
P = 1 - aQx
a x
Using 5-year intervals up to age 60:
Sx = 5Px * 5Px+5 * . . . * 5P60
The lifetime risk for those alive at age x is LRx = 1 - Sx.
*As demonstrated in Oh et al7
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